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B (2008) (XL #EE 2 & I F TOI3ERTIZ DOV Td
FT0EM o A BFE A2 g L, 4sHiio H 3
SURIZ104E Y 72 0 SFEH020C LA L2 & 2R L
720 LA L, #usgh), ARNICA B E, JLHARTIZ,
A A OGN RN H 725 7 ~ 8 H D& A1
B ICIZRERD Do 72, ERICBI S 2R
M % O S &7 [RIGART 20837 %
W EETIE 1 COARTEHEBREDL6%IEMNT %
ZEFHMEINZ, Thbh, HiftE T 5EMRE
TlE, MIBLOBEITIC XL > THEPBIR SN LM
Wb bZEa2RLTW5hH, LA T, BELZ
FED 72012135k L bW ER KON EALETH
%o

A ADEIEEIC L > TRFEWIELZH 55 E
(&, SUBETERC I 2 & BAE N 20T T OB IRAER 5
BARRZRAREG| &I LAKHE L 2 BEER
&, WIRIZ XY AF AR LBHA BRI X I
HELLEBERICKRESHEIND, TDH b, FE
BIG I BIA 2 WU HE D L 720, dbilEE o X
I RIS O A 5T, PEEMMTO L) &
KA EOE T Td, WA LMEE ZoTnD
(DATI et al. 2004) s SATAKE and HAYASE(1970) i,
ANTERZIZBWTH IRy MR LA A0 FE
B2 2, EFRT— Vo 72O RIZDON
TR EOMENICHIEORMEZ AT H, L)k
BT, AR R R RIS 72 B WE] & DU 45T
WS/ RTaicH 725 [MNET ] b2
g LTze MBHI0 ~ 11HAENC B 72 5 /NE T4
WEPOETHH1TEAMIBEES A ER IR, &
X DA ELRTVEEER & ShTwy
%o BIEXOLAMOBEIC L ABEICH LT, TDF
A BER & TSR\ BET B ESE, ol RPN D B 6
i P (RN S AT 1) 2 -2 Al O S K 72 L 3HE
B HNTE 72 (EF, 1994) .

L S A RFE R 22D 5 2 & d LART A
LAFINTHBY, WA S35 K THw ik %
W L CIa k2 e 3 2 HiEIC X Bt oSk
AT TE MEFEOU R, R KRB
B ORE R & CREEHIC & 2 RSB S e
GEJE - Bl 1964 4 K - 4k, 1983) 2 &5,
rn AR 7R O NEIZNT A HEA TV 5o Ftat iz
FTEC X BTG O BRI & LTI, REN
SAGE IR TR & OKBERRZ T, ek
(4455 | OWEEDS be (F 53, Fetafk 3), Pr(F

Gk th, getifk4), a2 (RN, dutafk 1), gh (G
il at, Geffh5) B Ll (FERSE, Gufafk
S5)ICHESAL, 4 EOBEMREFIIREINDL L
Z B 5 512 L 72 6] (FUTSUHARA and TORIYAMA,
1966) %, ¥4 7 LVGHIC L o TR Y v K=
Al [1ERw & ] O TEICIX 2 {555 LT
Wb Z R LB (Waky, 1995) A6 s, 2
NSDOMENIZE Y, WP EBE O EIR 123 B 5
5 EHEE I NI,

ZDO—75T, A (1981) 13 ERE A A HFZE0T (IRRL
7 4) ¥ ) &R R R (B O db i 8
¥Wet v 7 —)IZ BTt e 247V, BUE
5 ARG AN BT 2 v R = 4 @l [ Silewah |
X°[Padi Labou Alumbis]7 &% R L 7z.[ Silewah |
34 Y FA YT - 2= b7 BALEB o & (B 551300
m) THEHEINTWD MEETH Y, [Padi Labou
Alumbis| IR~V L =¥ 7 OERMETH 205, W
nd, BR, SRIEOGE(ALiEE T4l % %),
Bkt 7 EOARRIEE 2o Twiz7z, JLilE
A A ZRLER LT, [KEHEEARRES 5] (HH
R 87), [FELLG | (RIS BB S iz [ H
B 8 5 ] DI PEIL, ik F#E AR [1X2wWw &
177 k- TEh, HEtFkz HvzE8x
FERT OFEA, WP B S92 @51 2 & HEE
SNz T, THHELS] otwtd [HiE
85 ] ZNULETHY, [HHEIST] DX
BLAR AU CTIRBEE & ARG LI B AR S 7z 2
EnD, [HEHER 85| LI, 25 5 AW
TEER 2S5, WHEBEARORIT S ATk
EMWTRETH D Z EAVRREIN2(EK S, 2002),
i 75 PE e O B S H AN O BEAE B 258D i 43y
POERIZL o> TIThbILTE 722, MPFREARIT E
LI, BEAFRHE OGS U CEBR R T
EHT DD, WEEOH LWt GH e UTHEN
Iz,

DNA L~V CTORFZED MR I, Rl o
PR ER T X D BI0RE UL E O % T DNA ¥ —
B =SSN, BWIEEZ LT 5 85T OfE
R0 & R AYHE 8 W] BB 7 QTL (i 1Y B (5 K
quantitative trait locus) ST S EH TE % X 9 I
o7z DNAX——%2FH LT, #ERHKD
TSR DWW CERFIT A T b TWw5, [HEEE
85| 12X [Silewah] 20 5E A E N7 B4 7
CeyPefufhl, 3, ABIUSIHETAHI LD
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IO, Getafk 3 FiliZz & NGtk 4 Kb
DIMHEVEICEIS- LT 5 2 EAHH S A2 87z (SATTO
et al. 1995 ; SAITO et al. 2003), & & 12 FEM 7 AT
AT b IRER, defatk 4 RO S A EE
QTL XA L 72 2 DD MIB T (Crbl & Ctb2)
PO EINT WS LD S NI % - 72 (SAITO
et al. 2001) o Ctbl DAl FHIBIE56kb X AL D 3&
Fh, Fbox ¥ v\ 7 8% 32— ¥ b8 T HERK
BT OERMD 12 & Z 172 (SAITO et al. 2004)
—77, TG EN T 28— VERE OB Y vy R =
#infE [Pakhe Dhan| Ti, #{k3, 4, 63
K OTNCHIE & AW QTL 238t & 7z (i
S, 2000 ; ZEHE S, 2001 EEES, 2009). Hefh
& 6 £ i ® QTL(¢FLT-6) 1Z4.2cM 2 ( 4 i &,
2004), Hettifk 4 O gFLT-4 1310.2cM |2 (K H - ZE i,
2005), ZNZENBERMBFIEITFL Y AT N T b F 72,
SERTIZ R WA, T2 e ) | H19804FE D&
BRI E DD 2 o 72 2 & 0 S I HARSR O RS
JFELTHEDIN, TS AMiGTE QTL
GGtk 1, 7B IO SN, BTHIERD
BREDPST=DRBHEART RO ¢CT-7 TH o 72
(TAKEUCHI ef al. 2001), [ &) | IZBHERAR
ol [ZE ] IZHRT B o REHICE§
i THDL(Mke RS, 198575, [aTen) ]
FRHCLCHEBEEIN T0Eoizh] b UALEI
T QTL 2 Fo 2 L2 5, ¢CT7 13 H AR DIt
PEIE DA T R 2 K72 LT B RS
Hbo MEEEATERONAN T v A= il [ W
AAR] THERD ORD KR E Wik QTL 234
Ak 7 @ qCT-7 L 121ZF UAL#E B & 7z (DAl
etal. 2004) & L IZBIELEN,
INHDQTL MHED#R, &ML T <
DhF= = —DHEINTVE, DNA~Y—7—
3 i (marker-assisted selection; MAS) T 1% 4 F
Y= =R L LTk X D RO LAY
WL % %720, WEMEEMEE R OAR) 7% FE
&% %o SAITO 5 (2001) 1%, Cthl B X U° Cth2 Ol
77 2R 5 M E E R TR (near-isogenic lines;
NILs) O PEAs THHEHE8 5] L) %52 L%
B L7 COZEIE [HEEE T DifwEix
Cthl BL U Cth2 7217 CIIRAIFHHATE 2w
EERRBLTVWD, LA T, HEMGMEZ 8
T 5720121%, HEOmMEME QTL OEMALET
HbHo Wi w1tk QTL M E X h i, MAS

WA T RE AT M QTL 258 2 5 720, Mité
QTL DR LR EHICHFLGTHTHA ),
ARWFZECIE, BIXS AWM HICET 28 7%
QTL OFE xR A AMIze TETIE, [HRELIIS] O
BRI Z U R L-F R (il PLO) (BE S
AT PE W) ARAT 3 S B S A 1k
QTL O geta RN 2 [Fw L, £ X H % R
L7ze METE, LEENOWKSME [#)F] (B
125 ARG “BE" ) 12onT, BIE S AU
% QTL O 7o 720 512, NETIX, I#F
TIE A= LY 2 22 o 7o G AR FEISU S 0 R % 18T
THIE S AW a1 QTL OFEFE %179 L [HEC,
T PEEHM I e 2 TR & LT, WEilZ 5 NS
BEOQTL b#ER L7z VETW, WHEoFEH
PRIZHT T, FREINABESICO W Thak L 72,

I. &8 NFEL s #8M/4H QTL @
KA =P

1. 1FL®IC

METHRRZEBY, EI oG EEERICH
K3 % G M PER I BEA 2 R [HERHE 8 5] &
(RS ] OGS MEZERTRTH S Z EHUR
ENTWDAEKRD, 2002). [HHE 85| Ot
PEIZDOWTIE D% ) FE AT DS HE A, R R AR T
DFEMAFD AFNDFTIZES>TW0b, ZD—Jf
T (RIS ] 2w TGtk 8 It L o
B AR b 7=y VMR S, 1999) 258 5 FEEE T,
M AT I T b T v, [HRES S| o
ERER RO D 72012, & SIS TEER R
DIEH D 720128, [HiERITS ] Oz v
THE R BT 2 MDD Z LR EN D,

AREETIE, [HREELLS ] ISHRS 2 P sh
OF RS e PLY| # v, Fufafk 8 offid
O AWM QTL DM 2175 720 fEK, Fefafk
SITHIE S A& QTL idHmE I N Twirna
Eno, [ PLY) ORI IZH B O #IR T3
Phrbo TSI EPHRINL, Jetfk 8 IZHHBL
O Hifli B A (simple sequence repeat; SSR) ¥ —
H—%H%EL, QTLEMEROXM~ v ¥ ¥ 7k
LONZHEH~ v ¥V SR L7z,

2. MEBLUVHE
1) #EE#
e PLO (RUE & At “Him”) & [Hei
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2875 | ([ “Ril”) # RXE L THAZF, F3B
X OF B &2 SO I 720 ki PL9
& [22E139%5 ] (o [WE$2]) /RIS
//[ 22 E 1475 | OREMA G DED HF K S 7z
Wl HET ORI TH B [HEHRILS
&, & B WRT @ [Padi Labou Alumbis
(RU=YTHOBG Y Y R=) 5N [1ERW
x| (bilEE oM Y v K= 7 ) % it ot 4.
BLLTRLRMBEETHE R S iz, [HLiE287 75
FALEE O RN [ & 55397 oKT7T I T —2X
DHBRRERRMTH Y, etk "M <
H5bo

2) &35 AHm A MO

FEAE S ATV D TR R A e (f % K - R
7k, 1983) 12 &V, vl RENTE Y & —KH
Y GRLIETH ) (< CREAG L 720 3513194°C Il S h
72K CHRIER M A2 5 MBS T T L 72
(20044E1x 6 H24H 75 8 H25H, 2005413 6 A28
H2259H 8 H)o AKFEIZH20cm & L 7zo 20044
12X, KB~y ¥y 7 oznF 80874 5 N
Moo F R4l % 4 A19HICIEREL, 6
H1HIZBHL 72, 20054F1CIZE#R~ vy ¥ 7 D72
HDOFBLOF EM%Z 4 HI5HICHEEL, 5H
2THICBRI L 720 Fo, F3B XU F AR 1K
Wiz, FoRhEE 1 ReE5 MMz o2 )KEE L
7oo BEME, LEMR - Rfid 7D SO TFHERFER
WCHD W TRE S AR 2 3R L 720

3) DNA #iti & PCR i

DNA {3 MONNA 5 (2002) & %8 L 72 /5 i THEH
LM L7zo SSR ~— 4 —13, RIS E10ul T
PCR B4R L 720 RIS DMK 1X, Tris-Cl(pH 8.3)
10mM, MgClL, 5mM, 0.001% gelatin, dANTPs %%
01mM, 794 ~—%02uM, AmpliTaq Gold DNA
polymerase (Applied Biosystems, Foster City, CA)
0.02 unit/pl, FHM L7ZZDNABER 1 ul & L7z X
JCIEET A 7 Vi, ZUDHIZ94T 447, #nTHC
145, 55C £721360C 145, 72°C 2 43 %450l 1) 3K
L7z, ®&#%IZ72C 7450 & L7zo PCREMIX 4 %
A %7 7 —7 #u— A (Cambrex, East Rutherford,
NJ) CHEAIKE) Lor#E L 72,

Fef /K 8 WM HBLO SSR ~— A — %% L 72

(Table 1)- International Rice Genome Sequencing

Project (IRGSP, http://rgp.dna.affrc.go.jp/cgi-bin/
statusdb/status.pl) BSAFK L7214 At k8 07/
2 M A 5 #HC 2k 0 Ww C, Simple Sequence
Repeat Identification Tool (SSRIT; TEmNvKH ef al.
2001; http://www.gramene.org/db/searches/
ssrtool) Z i L T SSR #HI & #R%: L 7z, SSR Ik
ZWIES 577 4 < —i&EH 213 Primer3 (ROZEN
and SKALETSKY, 2000; http://www-genome.wimit.
edu/cgi-bin/primer/primer3_ www.cgi) % F] H L
7o DEDOFMIZ I VIER L2774 =120V T
(ki PLO) & [kif28775 ] M OZ RO H %
WR L7z TRTOTIAX—IET ==Y v Il
55C & %5 & 9 12kt L7z,

4) RIS AHMSHEDQTLYvELT

4 40125tk % H)N—3 % SSR ¥ — 7/ —
(TEMNYKH et al. 2001) 1I22>WT [4ei PL9] & T[4t
2875 | MoL M A4 L7z, [k PLY) & [k
2875 IO KT % F 7 #9212 DWW T,
MR E 0L M E MR~ — 7 — (Sl —
A=) T ERTFREERETLEEDIC, O
P2 Gl L7z KM - —12on T, [dt
i PLI| BRED F R4 (HKPLOZ W — 7)) DF3
fegiasg &, [uiiE287%5 | BIAED F Rt (Hk287 2
V—"T) DR FERE K L 72 MEt 7077 A
R ver 221 (R Development Core Team 2005) %
V272 WILCOXON DA EIZ & ), HkPL9Z )L —
7L Hk287 7 v — 7 & O THHEFEFRE 2 KL
720 WILCOXON @ JE {7 1 # 12 B 1 % B H 1%
CHURCHILL and DOERGE (1994) ® 5 #: 12 HE 10001
RATIC X o TEMMi L, experimentwise 7& i%7 % 0.05
PFE L7,

L S AW &7 QTL oMz, 288fE ko
F,EM%ZHw 20 ¥a—% 712525 MAPLYY
(UKAT et al. 1991 ; #8655, 1995) % HI\> T {nHiEE
DEML S CICKE~ Y ¥ ¥ 7 %7572

oA EHEQTLOEHR < v ¥ v 7
(PATERSON et al. 1990) ®7=@1\Z, [JbifE PL9] & [t
52875 ] MO F o %5 5 QTL FHisANT D 1
k% ®IE L, TOHMF 45 (P1-1) O fs 1A
REERITo 120 72, FHAGDEDF B2 H
QTL BN O HL# 2 k% 5 R ®EKL, Thz
NOHGEF %8 (P2-1, 2, 3, 4BXU5)IZDW\T
bBfaTHERE L. TNZENOEFRNT, ik
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% 3fn TR 7V — 7 (HkPLOZ Vv — 7, Hk2872
V=T BLOANFOZ IV — T )BT L7 WIL-
COXON D A7 FI M sE 12 & v, HKPLOZ Vv — 7 &
Hk287 7 )V — 7 & O T Hfed i % ik L 72,

3. @R

1) LS AEmS1ICBIT 5 single marker

analysis

425 N BIZIEL A § % 514870 SSR ~ —
H—w LT, [HdeiE PLOJ & [dbiE287% | Mo
SMERRUIMR, 4v—h—CTERERLT:
(Fig. 1)o ZRIMISIZGtEIR 5 THR/h24%, Gefs
RI1 T K31.8%, 1244kt 1311.1% T
BHo72 TOLRHE R, i Yy R=h &L VT4
7 [ TSSR~— 7 — Z VT S 72l (ANDAY A
and MACKILL, 2003) & D b 7% DIk<, Y v
R =5 M CTHE & N7z RFLP (restriction fragment

Chr.5 Chr.6

(13.5) (18.0) (7.7) (10.0) (2.4) (3.9)
RM495 rwss ||
T RM569 T
RM428 1l
EE Rrwo2o L T
- RM1
M rRwsso ]| T
H | RM300 RM: .
0 RM561 1T +F
1L | IT RM430
i:_ RM446
o — RM341
—RM: RM475 | |
RM306 -
| RM241 -+
- RM470 ~4—
|RM297 HF—RM303
|RM226 Il T
H 3= RM340
u T rwaco
- —Rwss T
f RM486 RM450 H
RMS530 -
H ::f | RM48
u EE-\Rmzss
- RM422
RM143
Fig. 1

Chr.7
(12.5)

m
-]
i

length polymorphism) 7 & O° {2 RAPD (random
amplified polymorphic DNA) ¥~ — % — % i\ 72l
(TAKEUCHI ez al. 2001) & [FFEEETH - 72,

FEE S AW L £/ %2 /R L7z SSR ¥ — 7 —
OO, [HbifE PLI & [kifE2875 | [ TIE
L 7259088702 5 72 % F o Rt 2 F VTl s L 72
F , RMEHE IS B\ THEE & AT M 3 b i 12 9
fi L, LS A PRI R IR 5 2 L aVR
W37z (Fig. 2)o SADER AR L7z~ —H — |2
LC, #afR2%H PLOM O F Rkt & JbiE287
GROF RO T, FIXO A EEZ gL
720 WILCOXON DNEIFIME 2T o072 & 25, Yefty
R 8IZIESET 5 RM38T Z S IR KIZ T 7208, &
D ZAEZ A HKEE 5 % D experimentwise 7 BE3.19
R o Tz B O AR GEE & Gutifh 8 DR
DM 2R 5 7212, McCoucH 5 (2002) 12 &
DB gE S M7 Gtk 8 I IZ HE T 4 548 SSR

Chr.8
(9.1)

Chr.9
(17.2)

Chr.10
(4.8)

Chr.11
(31.8)

RM410
RM257

= RM286 u
RM481 W RM285
| RM82 ] o | |
RM38 N ]
H—Rwiss2
RW2s T T RMese
| RM346 RM310 X
RM336 H IT = H
RM182 H imi

TRRTET]
[N
T
Z
5

RM160

RM215

RM230

rvzzz

T
T
C

I 20cM

Chromosomal positions of the polymorphic markers between Hokkai-PL9 and Hokkai287.

The polymorphic markers are indicated by marker names, while vertical lines represent the
probable intervals of the markers with low LOD score in map construction (TEMNYKH et al.
2001). The horizontal lines represent the positions of SSR markers used in the survey for
polymorphic markers. Approximate positions of centromeres are shown by solid ellipses.
The percentage of polymorphic markers on each chromosome is indicated in parenthesis.
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Fig. 2 Frequency distribution of cold tolerance in F lines. Cold tolerance was
evaluated as seed fertility after cool-water treatment. The ranges and means
of the parents are represented by arrows and solid triangles, respectively.

Table 1

New SSR markers on the telomeric half of the short arm of chromosome 8.

BAC/PAC clone (GenBank

Marker ~ Forward primer (5'-3") Reverse primer (3'-5") Motif Accession No.)

RM38-2" GCGCCATTGATGACTAATTG ATGGAAGAGGCAAGCAGAAG (tc)18  0J1613_G04 (AP003896)
PLA5S3  GATCCTTGCTGCATGTTCG CCATGATGAAAAACCACAAAAA (gca)8 P0473D02 (AP005542)
PLA41  ACACCCTACCAAACGAGCTG GCCGCCATAGTATTCCTTCC (ct)23  P0025F03 (AP004381)
PLA27 CGTAGCTATCTATAGCCACGAGAG  AATCCGATCAGGCCTTCCCTTTCG (ag)18 P0O665F09 (AP005506)
PLA46  GGCCTTGTGCTTGTTTAGGA GGCTTGAGAGCGTTTGTAGG (tcta)9  P0571B09 (AP005526)
PLA61  AAGTGGTGGCGAGACTGC ATGAGAACCCCGTCACTGTC (geg)7 0J1349 D05 (AP005467)
PLA62 TCTCCTCGACGATTTATGAACA ACCAAGAGCCACGTCGTAAG (caga)8 0J1349 D05 (AP005467)
PLA19 TTCGATATGCAAGTGATGATGATG TACTCTCCTCCAAGAAAACAAGCA  (gt)15 P0672DO01 (AP004635)
MR902B AAAAGCATATAGAGGCACCGGGTA  CCGTCAGGTTTTCATCTGATGAAC (ag)l6  P0455A11 (AP004692)

1) RM38-2 has the same target as that of RM38, but sequences of primers are revised for more efficient amplification of the PCR product.

X=A=Dbl00EMERT~Y— -2 HHL,
single marker analysis ICFIH U720 ZO#EH, 4
R—=A—=IZBWVT, #BEFRZV—THThaic

BEoBXoallNahEoEZRPB RO 5 N7
(Table 2)o XS AWM QTL 13 Je i fk 8 12
B s NBNE VDT, Ffafhk8 Lo~ — 5 —78
LS A G TEE AEICER L CwZ LidiEl
M %o

2) BEsA»HSMORE~YyEXT

et AR 8 IZHESE§ 2 AIE S A 7 QTL DX
W~y Err7ooll, 4437 7 LEaiiikity)
(IRGSP 2005) IZ#2WT 8 DD LRI~ — 7 — % fE

L7z (Table 1) F , 2881k % 199 SSR ¥ — 71 —
THEEFHRES S L &I, BIX S AWz
i U7z (Fig. 3)0 19% —# —CTHetafk 8 Fllid K
Wil (IRGSP £ &7 ) & ¥ — 7 ¥ 2 TO0.0OMb % 5
47Mb \ZHE ) 2 A1 N — 5 B S X 2 RS L 2o
T S A PEIZ B3 % Log-likelihood (LOD) fill
13, RM66704T £ T KAE10612E L 72, #F 5=
(PVE) 7 & DN AN AN R (AE) 1Z 2 £ 4126.6% 7*
5NC114% THh - 72 (Fig. 4) o LB K X 3%
DO Z O QTL % MK 12 ¢gCTBS (quantitative trait
locus for cold tolerance at the booting stage on

chromosome 8) & L7z,
W OIESM TG L7 e PLY] & [t
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Table 2 Association between cold tolerance and SSR markers on chromosome 8.

Mean seed fertility

Marker Position" (Mbp) [Number of lines] “ 2)
HKPLO group HK287 group *11°
RM5911 0.1 72.9 [30] 63.3[27] 2.5092
RM6356 1.6 72.2 [30] 64.1[27] 2.1416
RM38 2.1 72.9 [31] 62.227] 2.8917
RM5647 2.9 74.2 [28] 61.4[29] 3.5437*
RM6670 3 75.1[27] 61.0 [30] 3.8677*
RM3819 3 75.1[27] 61.0 [30] 3.8677*
RM5434 3.1 75.1[27] 61.0 [30] 3.8677*
RM5428 32 74.1[27] 61.9[30] 3.1645
RM3572 39 71.3 [24] 65.6 [35] 1.3579
RM6999 4 71.3 [24] 65.6 [35] 1.3579
RM5556 4.6 69.6 [26] 66.6 [33] 0.6107

1) Chromosomal positions of the markers are indicated based on the IRGSP genome sequence.
2) The significance of the difference between mean seed fertility of genotypic groups was

tested by the WILCOXON rank sum test.

* Significant at 5% level by the permutation test (CHURCHILL and DOERGE, 1994).
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40
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hg?=0.85
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50 60

Seed fertility (%)

70 80 920 100

Fig. 3 Frequency distribution of cold tolerance in F2 population. Cold tolerance was
evaluated as seed fertility after cool-water treatment. The ranges and means
of the parents are represented by arrows and solid triangles, respectively.
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42459, P < 0.001). Z ORFIFMIRSMICE
T ARFERD F L EFINERS T L LTHIIE S &AM
OB ERICE S ZEZRIBL TS, L

29

72h55 T, qCTBS IZAR%eTld 7 < FHIE & A M &%
PEIER LT EE 2 b,

3) qCTB8 D@~ v E> T
PLA467%* 5 RM5428F TO X AN T T D F ¢
TERICHE T % F,4£H (Fig. 5) 128V THUE S A
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Fig. 4 Interval mapping for cold tolerance. (a) Chromosomal positions of the markers based on
the IRGSP genome sequence. (b) Genetic linkage map of the markers. (c) LOD plot for
cold tolerance covering the telomeric half of the short arm of chromosome 8.
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Population Genotypic  Mean seed fertility (%) P
(Generation) group [No. of Individuals]

A CTB8 (Parental value)
< q >i

[ HKPLO  73.1[12] (85.6)
P11 ) I <0001
Hk287  55.1[14] (10.5)

HKPLO  76.9[22] (85.9)

P2-1 (Fy) <0.001

Hk287 55.9[22] (15.1)

HKPL9  73.8[24] (83.1)

P2-2 (F;) <0.001

Hk287 59.5[15] (13.5)

HKPL9  57.2[15] (86.5)

|
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P23 (F) 1 0036
1

Hk287  46.7[22] (13.8)

HKPLO  48.4([9] (85.6)
0.038

P2-4 (F;)

Hk287  32.2[11] (105)

HKPL9  53.3[26] (82.5)

P2-5 (Fs) - 0.373

! T Hk287  51.7[20] (128)

Fig. 5 Substitution mapping of qCTB8. Graphical genotypes of the F; and F, substitution lines are
illustrated. Positions of markers are based on the IRGSP genome sequence. Solid and open
boxes represent heterozygous allele and homozygous Hokkai287 allele, respectively, while the
regions of potential recombination are shown as shaded boxes. Mean seed fertility of the HkPL9
group was compared with that of the Hk287 group by the WILCOXON rank sum test.
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Wit o o #EABlgE S, HKkPL9Z Vv — T Ol
X5 AP HR287 7 Vv — 7 X ) & A I8
NTw7z(Fig. 6)o D FefERIE, Hetafk 812
ZC, Fefufk 2 (RM550, RM300, RM561, RM341
B LU RM275% &) & Hettfk 6 (RM340 & RM400
L) ICOANTUHBERE > TWid, Thb7
¥ —h— LHIE S AWt L O OEEIEEET
E%hol(F—AHE) . Lzd>T, FHEHM
2B R S AW O /8, Getafk 8 o
H #18% (Fig. 5, PLA46 ~ RM5428) 12 & - TH#t4a i
MENhd L&z oMz, BIETHZV—THORE
ROAEFIKRA Y FThHY, KMy EX7I2XD
HeE S MBI R114% L I1FIE—F L7ze DK
F 1 gCTBS 7% PLA467%* & RM5428D [X [ 12 A1 L
TWAHZEERLTWAS,

qCTBS T & #E Y At 723, RM38-27%* 5 RM3572
W2 COXMICHIRZ % 5D F o k% #k L,
HAIZ & > T520 F %M (P21, 2, 3, 48 X U%5)
EM L7z SHEFT, BIE S AW w2 &1
W7V —7HTlEL7E 25 (Fig 5), P2-1%5
I P220 2L FCTIXERF R 7V — T TRIE
5 AMMHGED ERSH R - 72 (BIm TR 7 L —
TR ORERDE  P2-1TIZ210R A4 ~ b, P22T

143K A ¥ M) DK LT, P25TIXZDEDH
BT ol b, qCTBSIE PLAGLL D 3
IR AR IS E T 5 2 AR E NIz, T 72,
P2-3% L WNIZ P24 BV T @I TR Vv — T o
XS ARG TR IIA B R AZRPED LN &
o EETFR V- THORFEFRDE  P2-3TIE
1058 4 ~ b, P24TI162K 1 » &), ¢qCTBS i%
RM5647 & 0 & B JEARMNCAET 2 2 EHRIEE
72

PLEDFER NS, gCTBS 12 RM56477% & PLA61
F TOL7cM XA 3 5 ] aEMEAYE V (Fig. 5).
COX X IRGSP 4 & 7 /7 A3 HE AL TlE193kb
WAL, P17 7 — VHER ATk (PAC) 7 1 —
> P0443G08 (GenBank accession No.AP004461) 7
SN 7)) 7 Ntk (BAC) 7 1 — >~ O]1
349_D05 (GenBank accession No.AP005467) T %
N—=ZENb,

4. ER

gCTBS IZEH i~y ¥ 72L& D 17cM Kz~ v
Vo &Nz, 1.7cM @ qCTBS fi 4 #8385 1% IRGSP
AR5 7 KZEILEHTIE193kb A L, Y% 5H
121349300 F R 438 (open reading frames; ORFs)
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Fig. 6 Frequency distribution of cold tolerance in the P1-1 population. Frequency distribution of cold
tolerance is shown classified by genotypic groups. Cold tolerance was evaluated as seed
fertility after cool-water treatment. The ranges of parental values are represented by arrows.
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BFHINTVE, TDH)E 12D 0ORFIEE/ T
t Fo7 2 a)v¥ r e % (monodehydroas-
corbate reductase; MDAR) # 2 — F L TW7z, A
A DTN I D B A < % B /N TN AR
PR % U 7=85802, 4 A O#H T MDAR OFHIAS
Whnd 22 LS ST b (IMIN ef al. 2006)
MDAR @ ORF & RM56477%* & RM6670 [ & RM
6670 BEICAE L CHB Y, Xy B 7IlBiT5
LODHO ¥ — 7 BB SN & —3H L Tz,
L 72735 T, MDAR & ¢CTBS 5 K5+ DH )1 72
BEHDO1OTHAHLEEZLNL,

A FECIE TEMNYKH 5 (2001) 23BH3E L 72 80E @
SSR ¥ — 7 —&flio C, [dkif PL9) & [dtifE287%5 ]
WO ERE LT, UL, SRUHAEIMR VAR
EHW728, Thio<x—h =725 TiE QTL DX
M~y ¥ Y ZIAt+5THole qCTBE D7 v ¥
YT RMED DI, A A [ HARR] Xy
LEFERCH) 2 PV L C, ¢CTBS IR #7272 SSR
<= —Z2EKT 5 L & B2, McCoucH 5 (2002)
MHELZHTOSSR~Y—H—D 5 b Hb
T~y ¥y ZICHH L7z qCTBS #8IZ1%
MWEIZSSR ¥ — =D HE SN TV h 572D T,
gqCTBS DX v ¥ ¥ ZIIFBUMNER L 72~ — A — ¢
RIS L e o72THAHHo 4427 7 nHidk
BLH OSEEfFHIC XD, KED~—h —25FIH T RE
W27 o720 Bl Z1E, IRGSP(2005) 72 5 1£#719,0000
SSR~Y—H =B ENTwE, ZOAMEHE
FIRATE, RETHWAY YR R=Hh A AFL0HM
AEDEICHERT LEND X ) RERBHE OV
FIZBWTDH, BHERY ¥V IR REICR %,

gCTBS D G- TH 2 [ HEILS] &, kil
BOMGESETH S [1ZLOWD | OFIZHES
ZF M omtEEEmE L ) bEL TV (7 —
YAE) . SO EIE, qCTBS S TIEL DWW |
DG ZM EXELZ EICEHTH DI L 2RI
LCTWwb, L72H > T, qCTBS (ZdbilEE BT 5
G EREMICHE S CE B RENH 5, L LA
5, [HREIS ] OBRMRICER S -3k mlix
HBHTH S, SAITO 5 (2001) 1 [HHREE 8 5| it
GYEBIET Cth2 DS HSE L T\»W b 2 & & il
U720 WA RALIE O X 9 2B F0V iz A
BMTH5bo [HEHEILG ] PRaEmfEoBl L LTH)
HEnRTwiwHBo0 2L LT, [HEES ]
DA EFEMI, [HhRELIS ] ORGSR RIE

HEHB L TR REMES BT O N5 RO
PR B TR 5 PR A [ 3 D AR ISR Y 258 5 72
W, REMOKE S K/ S %5 72, DNA
~ — 1 —®H(MAS) 2 & B KBBLAD IEHE 2 i %
PP, WS E A RIEE & O o % i H b)
BDIHRNTHS ) o REIIBWTHILEZEOM
B UCHIE L7z (2875 ) 1%, dedgEo £
mfE [ &5 5397] [ZHIRT 2 22REFRHTH %o
(2875 ] IS ERDPEND 72, Z DT
RENNWIREEMMEICRD 9 %, KABETER IR
qCTBS i d SSR ~—H —1%, [HtiE: PL9] »#Ef(x
TRE, [de#2875 ] BLO [IZLOWwD | Oz
TR & PCR ET7T AU — A VELIKIIZEVES
WHIBNW R TH D, ThH5D~—h—I1%, ¢CTBS
Z [eiE2875 ] R [IELowD | ICEALTER
MG TENFE 2 BT 5 2 EICE BICHH W RETH
%o

M. #¥FEOFEIL S HHAMSM QTL B

1. (FUBIC

[ ECHBIL-LBY, IS HEIIBMEETH Y,
% DBBZT VDb o> T D S &N EEMBITIC
Lo TURENTETWV S, HEHEMEDZ < 237K
DG HEEEEBROERICL > TER SN TE
S, BRANT SN2 ZO—MBITHE B\, T
PEDEREZ R RIAT ) 720121, TEL2FEL
DBIZE N D W TGO BIZFIT 21TV, Th
TN ED &) iS58 2 For 2 ] S P
T BUEDND 5

ARETIE, A EOM G (R OfIXs
AW TS 5 QTL Z @M T A2 &2 HIY
E L7 [&55397] (FIE S AIATHEE “RPRPiR”)
TR (I M) ORI 2 HREEH (recom-
binant inbred lines; RILs) Z £, FIH L7z &
PRI 2T E LT, I ERRICOVWTD
IHTRAT 2 720 20054F 7 5 20074F 2 220 F T 3 [0l 3R
L, i Sh7: QTL OFBME iR L 72,

2. MEBLUFHE

1) #EEE

WFRIZIEEDOMEEA AMETHY), v V<L
/ 1116// L2585 DA G LR, SBFR Sz,
[ww~x| & [JeilE258% ] 13ALifEE o lnnr ¥ v K
=HAAXTHY, [E116] 131 ¥ 74 7 OBBLHM
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THbo [ 55397 IHEZEOWET Y v K=
HAFXTHY, LBEEOEENETH S, BITSA
W 2 BRI 3 2 72012, [& 5 5397
ETHFE] OIS SN F o % HlRH (single
seed descent; SSD) {212 & b HARARHE L, 114%%%
575 RILs #E L72. Fg, Fo BLX U Fiit
&% 222005 20068 & O20074 A L 72,

2) FEIE S AHAMA MO

BENE © A T4 VT v P A /K FE T3 (b v
JEEWFE L ¥ & —, LB 12 B v CTHEIRGEKE
(2K - K, 1983)1C & 0 3Rl L 720 M 3
(IE194C I HIE L 727K 2 S0RE B 2 & IAlsE T
¥ T(20054E13 6 H28H A5 9 H 8 H, 20064E 13 6
H28H25 9 H4 H, 2007413 6 A29H %5 8 A3l
HD)BEREL 720 KiEI1EH20em & L7zo RILs 121 5%
frdr 7= 0 5 A 1 AR CHUEKRHIZRALL 720 20054F
&4 H15H, 20064E, 20074F 1% 4 H20H (& HE L,
20054E 5 H27H, 200645 H26H, 200745 H28H
B ZIT o720 BEE, 1RMH70 5HOFEY
Fe g gD VTR S AWM (CT) % 384 L
7z A H (HT) XIEFE H 2> SR O THi L 72
HECTofuHHE L, HRIGEROME,OH
BECThRLrF A— MVHEATEL 72

3) BFY—H—M@EiR% ST QTL B

DNA #liHh, SSR ~ — % —® PCR #liF, ik
B2 X % PCR EMOHEEIZOWTIE, TTIZEEL
FHiEZhE- 720

W IZa 2 —% 71T A MAPLYY
(UKAI et al. 1991 ; #5685, 1995) & FHv CTHERL L,
I S A G2 b 5 QTL OMIZEAX
M~ > ¥ ¥ 7 (composite interval mapping; CIM)
2K o720 WRLEER OV IFE IR O 1R 28 il
# CIM 2B AR L L THw2, QTL
e o B A 12100018 0 3 < A 2 M 5E T EEAT L,
experimentwise 72 it 7= #0050 F & L 720 CIM &
WARPZMEICIET v ¥ 2—F 7075 A Windows
QTL Cartographer version 25 (WANG et al. 2007)
ZAH L7z,

3. #E
1) WWEZER
[&556397] & [#%] Bo RILs ORI S &)

M &P (CT) % @ AMLBEL D Fa F2FRIC X o TER L
720 WHEOMRMESLRMIIBITS [&55397] 0k
F1320054£94.1%, 20064:96.5%, 20074-91.4% T&H -
722 Eh S, RiLs IZBT 2 mKUAEBZERIEREOLE
FUIRIE S AHE OB R R 2 S L Tw»
B2 DR EINT, [HF] OBRKLEHIRIESE
1320054£82.6%, 20064E74.7%, 20074E72.7% T & -
DR LT, [&55397] oKL EiEFERIT
] X0 HAHEEITED - 72 (20054F45.9%, 2006
4£35.0%, 20074E35.6%, Fig. 7). RILs @ ¥ /K WL HE
ez, WBH F 7213 Ol %8 2 CHEE
V2504 L 72 (20054E32.1% 7% £ 89.3%, 20064£9.4% 7>
594.1%, 20074E9.3% 7> 586.4%) . H A (HT) %
RECLIZBVWTOERN 2o MrBliggsh, &
nH 3WEPEMICEET S I EAVRENTZ, I
WCIIBBEESBIEE SN, D5 AT
EATW,

2) ZEGH &FEHMRDEE

7 WA B A EH667D SSR ¥ — 71 —
(McCOUCH et al. 2002 ; TEMNYKH et al. 2001) % H
WT [&5656397] & [HIF] OMOLRZHEEKEL
72 A, 117) = —TE R & 17z (Fig.
8)o Hetufhil D% MBI E12122% 2> 535.7% TdH
0, 1294ffh %332 L173% THh - 720 LRI
B Y Yy R x4 VT4 A OMABFDET
e & U724l (ANDAYA and MACKILL, 2003) X 9
DD, i Y v A=A FLoMads b
L) B RRE Do 72 (KUROKI ef al. 2007 ; TAKEUCHI
etal. 2001), 2R %E/RLIz~Y—H—IIBIFHAT O
BAEFIZ0550035T, FIH0006TH - 72. Feth
K 3 @ RMI1334, RM6832, RM3513, RM3601,
RM3525, Zefofk 9 o RM13288 L NGt k11D
RM5716DEF 7 ~ — 51 — T3 BEDEA DL S
720 18HSHEE, 1ll~—Hh—267% 0, §5111742cM
HN—F 5 dHH 2 S L 72 (Fig. 9). Jefafk
47 510~ = =2 D%, Zofogtm
BIZH ~— 7 —DEAABIL Sz, P E
DY =N —DNEFIZIRGSP A 27 ) Ay =7 v A
(IRGSP 2005) TFH SN & 12IT—F L Tz,

3) QTL f&h
XS A MG QTL Mo 720 12 X 7z
experimentwise 7 LOD Ot (p > 0.05) 1%, 2005
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Fig. 7 Frequency distribution of cold tolerance at the booting stage (CT), heading time (HT) and culm
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length (CL)in RILs. CT was evaluated as seed fertility after cool-water treatment. The ranges
and means of the parents are represented by arrows and solid triangles, respectively.

Chr.1 Chr. 2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12
(vb) (20.8) (12.2) (16.0) (14.3) (14.8) (13.8) (20.0) (14.5) (20.5) (14.3) (35.7) (214)
—0 E=RM3252 I M T RM1248 T RMS911 . = T
FRmi282 e
RM335
/w518 —TRM1369
[Rms752 | —tRusedz
RM220 FRM381
—Rm175 ]
AM4992 RM125  [TRM3572
—5 L /ms754 V3374
- ——RMm180
[ —RM3467 L rm276
RMS5925-1 —Rm1253
79 I . RMS539 ——R/M3701 1036
RM3481  [——RM1328 M202 I =—Rwiol
10 —TRM1358 [Rms27 ——Rv1384 [ RMs939
R85
—TRM300 M3297
——RMs705 24
15 ——RM3700
——RM1127
RM6740 —TRm1334 Ll gmos7  rm112s
22 10
L_| Rrvea01
20 1| amaase |—{-’m1973 TRM160 RM6691 I rm3ass
| /M1279 e
RMS427 =
2 L RM3s6 ||
RM6: " —RM1271 —Rm210 L] — [T RMS5716
RM! RM6379 ——RMm3753
|_ps [ RM1180 RM3513
1 M7654
RMS461 FTRM223  ——RM1264
F T rwios ——Rm2357
~T—RM7413 " [ RMms717 L L
T RM1297 0
30 25 - L _
[ I /m13s2 *RM249 *RM541 *RM501 *RM25 *RM2855 *RM21 *RM270
[ RM250 *RM161 *RMds4 *RM182 *RM264 * RM206
[ RM1003 *RM70 *RM187
[—35 RM3542 L
=RMags L
*RM341
S
40 [TTRM3520
—T—RM5536
45 * RM306

Fig. 8 Polymorphic markers between Kirara397 and Hatsushizuku on the IRGSP genome sequence.

Positions of the polymorphic SSR markers between Kirara397 and Hatsushizuku are shown
on the basis of the IRGSP genome sequence. Markers with asterisks are not located on the
IRGSP genome sequence. The percentage of polymorphic markers on each chromosome is
indicated in parenthesis.
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Fig. 9 Composite interval mapping for cold tolerance at the booting stage (A), heading time
(B)and culm length (C).The horizontal lines indicate the intervals recording LOD >
thresholds. The linkage map constructed in this study is shown on the bottom.
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442, 2006444, 20074E36TH o720 BRI 5OD
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Table 3 QTLs for cold tolerance, heading time, and

culm length.

Year Chr. Interval” LOD AE?  PVEY (%)
Cold tolerance at the booting stage (CT)

2005 1 RM1003-RM3482 7.4 0.09 252

2006 1 RM1003-RM3482 6.4 0.11 473

2007 1 RM1003-RM3482 5.0 0.09 16.2

2005 10 RM6691-RM333 4.7 -0.09 354

2007 10 RM3510-RM6691 4.2 -0.08 20.4
Heading time (HT)

2006 2 RM300-RM341 4.5 -0.8 10.5

2005 10 RM3510-RM333 9.5 -2.7 33.6

2006 10 RMI1125-RM333 8.9 -2.1 32.7

2007 10 RM3510-RM333 7.7 -4.4 36.7
Culm length (CL)

2005 2 RMS561-RM5427 45 1.1 44.6

2005 10 RMI1125-RM3510 4.0 -1.8 39.0

2006 10 RMI1125-RM333 5.0 2.2 224

1) Markers flanking intervals in which LOD values were above the thresholds.

2) Additive effect of the Hatsushizuku allele.
3) Percentage of total phenotypic variance explained by the QTL.
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Fig. 10 (Freq)uency distribution of cold tolerance at the booting stage (CT), heading time (HTC) and culm length
CLC)in RlILs.
CT was evaluated as seed fertility after cool-water treatment. HTC and CLC were also recorded in
the cool-water irrigation field. The ranges and means of Hokkai-PL9 are represented by solid bars and
arrows, and those of Hokkai287 are represented by open bars and arrows, respectively.
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of Hokkai287 are represented by open bars and arrows, respectively.

Table 4 Correlation coefficients among cold tolerance

(CT), heading time (HTC) and culm length

(CLC).
Year Trait CT HTC

2004a HTC  0.243*

CLC  0.461%** (.452%%%*
2004b HTC  0.348**

CLC  0.321%*  (.355%%%*
2005 HTC 0.213

CLC  0.247* 0.531%%*
2006 HTC  0.596%** -

CLC  0.369%** (0.400%**
2007 HTC 0.255%

CLC  0.169 0.615%**
2008 HTC  0.200

CLC 0.036 0.098

*, k% FxE Significant at 5, 1 and 0.1% level, respectively.

(CLN) o [ © A1 B4 0130452 (20074E, 0.1% /K #
THE), 0259 (20084E, 5% KHETHE) TH -7
Plb2rt, itk & A, WMatEefE BLO
A & R OBNIIZES W IEOMBELH 5 Z L AUR
XNhize

3) EfEHRDIER

A [E 721220119 SSR ¥~ —4— (McCOUCH et al.
2002) # ¥EFE L, 2100 BN EZR ~ — 5 — % [F]
L7z =85 (2004), %S (2007), KUROKI 5
(2007) THE SNz~ —H — 7 5N [IbiE2’7%
DT I 0 — A JFURZ B2 BIE S 2~ —

J— (ZWS, 2010) ZMAT=HA 5, IR
THY =N —RELHUPALHEE L~ —H —Z w7z
147~ — 71 — Z S X ORI L7ze Z D
B, UI=—H—DH) bl —h =k b, 421
HPATE, 4 K969.4cM o HL S L X AHE S S 7 (Fig.
12),

4) QTL O#%H

(1) BT S A

XS AMRHAEIC O WTIE, Befafk 1, 2(2
1), 3(3%H0, 4, 7, 8, 10BXU1L (2 #H)
D FF 8 Bt iR12 » AT QTL 23k & 1 72 (Fig.
12),

et fk 8 HME L2 1320074F % B < 5 [T LOD D
ARAEAEILE SNz KNI O KMEDBIE
SNTAED B o727, FAEO LOD I KMEIZHBIT 5
% 5.31314.08 ~ 20.36% & 20084 % B\~ 72 4 18] THi
KTHbY, HMEhH133.30 ~ 576 T - 72 (Table
50 4 s K110 RM552 ~ RM58340 8 38 12 1%
qCTBI1.1 32005, 20074F % fx < 4 TR &
FH-HIL791 ~ 15.04%, FHIMRYH132.98 ~ 652T
Hotze T, Ytk 2 O RM5427 ~ RM63797%: 5
O Pefs /81000 RM1125 ~ RM237112 1%, 2004a,
2004b, 20053 X U20084F @ 3 # 4F 4 [T QTL 7%
B S, H5-%135.64 ~ 10.99% & 768 ~ 12.46%,



Chr.1 chr2 Chr.3 Chr.4
w0
RM495
RM6464, RM3252 == RM154 ZA RM569 — RM3308 —
RM3148 RM5654I AP AA %#4
RM1141 4 .
RM7278 T Rwiaget -+ 99 99 B oo RM6679 _|
RM6324 RM300 = 38 00 29 SOt
RM5336 = T 85 °8 Fr®
RM5302 =] 3
RM220 - Ap I3
RM1 | MG 3= <
o~ RM3467 = @
~||O 115 = rRm1ase | | B
olle RM5025 1= | 03 | | 08 [T
RM3425 1 RMS561 o E ~ 2
+ T RM241 4 o
RM1211, RM13289 %- 2 C6
RMs443 L RM13286 == RM5639 R 35
©
RM218
' RM341, RM13329 z_Z
RM446 — T ':_:E':T: RM391 **
RM1379 ST N M908 =
8o RM475 I ©q °o5e ®
RM9 4+ 3 e 4 RM4321 m
o9 QU332 A4 =~
<© <t
33 RM5427 . ©S00 g_
RM306 T~ A
RM1180 — AA +A f © chr.5
N [eld
|3 RM6379 = 252 2 Rifoose
RM29T T 1 QO RM3515 = | ey | ruo4 398 Eozz
RM1003 T~ | & - [~ o © I
~ S o IExIz RM3327
4 A% = obRNxs =
RM226 T =, oM P foo 5
I3 =~ 50 = 8 S o RM4641
(S o 28S © 5=
RM3304, RM486 T~ — © o a 5
RME305 | $ A AD o e
RMass T RM6832 | |E S
I 3z
paTle
- RM6933 |- T ‘F % chr.6
Q Wx-oz(
Rus4zz L | @ Rusz0 | Ag s x-02(t)
2 : RM3513 50 &
T T ®ack
RMS916 5Eeg 3 . RM7420
RM1373,RM422 . 3Q S N N RM3408
RM48, RM266 == RM143T oF o o j
S RM400
RM3542 = ™ I
10eM - > RM340 I
I a
~
O
o
Chr.7 Chr.8 '(3 - Ch Chr.11
RM23753
RM3394 - RM5911 g ook NI23773 RM286 — | ™
Q IL £2z3 RM23793 RM5832¥ AdA <
o
TOO
RM6356 AE 33T [ purpirt E
RM38-2 2O S RM257 J00
PLA53 e8gk A4k RM410 4= o~ ($)
PLAZT °g0o A Soo o>
T Aharz T4 2 -
RM481 T RM5647 Z o RMS52 T S0,
+ RM6670, RM3819 T ~ 5585
RM82 PLAB1, PLAG2, RN5434 4 ~ RM6491. RM160 (¥ QQ°s
RM5428 S ' o 33, °
RM1243 4 [ no —
T |@ & [ s
RM6644 =
RM7479 IG PLA19 .Eng8g ~ ++ +
rwes72 - | B RM3572, RM6999 653° :g_
' RM5556 I3°
=l RM3374 4= ©2 RM202
RTA’%%%S - 580 MR902B RM536, RM7283 =
RM346 + S8 ' ?.3 Chr.10
RM182 A RM230 ~ RM1125 Rlsg24 AA T
f RMS5493 °) ‘4+T RM5857 & fA ~
= SEZ|x
© Q- O Z
RM2371 559 EErlT
RM5322 - RM5717 RM3773 98, o3 L5
[SISHESY OKF® o
3 £5
RM21 L T8
o
S ~
1] -
S \E
> RM206 s
=o5 1O
RM5716 | ggw o
Rvzss | S °
RM2191 |
Chr.12
RM17
RM1226 l
RM2197

:I: 10cM

A ABEIE S A MRS B 2 B B (R O AT

Fig. 12 Interval mapping for cold tolerance at the booting stage (CT), heading time (HT) and culm length (CL)
Solid triangles indicate positions of LOD peaks of the QTLs that Hokkai-PL9 alleles increase the
trait values, and open triangles indicate those of the QTLs that Hokkai287 alleles increases the
trait values. The intervals recording LOD > 2.5 are shown by the vertical lines. Abbreviations are as

follows: 04, 2004; 05, 2005; 06, 2006; 07, 2007; 08, 2008.
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Table 5 QTLs for cold tolerance (CT), heading time (HTC, HTN) and culm length (CLC, CLN).

Trait QTL Chr  Year Interval" LOD AE? PVE”(%) Trait QTL  Chr Year Interval” LOD AE? PVES)(%)
CT ¢CTBI 1 2007 RM486  RM3482 290 497 14.90 HTC ¢HT3.1 3 2004a RM569  RM3467 3.10  -1.99 21.02
2008  RM486 RM3482 4.01 5.07 14.08 2004b RM569 RM3467 2.80 -2.19 21.10
qCTB2.1 2 2005 RMI54  RM5654 2.67  -1.99 5.33 2008  RMS569  RM3467 4.00  -1.40 17.12
2005 RMI54  RMS5654 2.64 -1.34 2.44 qHT3.2 3 2004a RM3297 RM6832 2.89  -0.76 2.68
2006  RMI154 RMS5654 346  -4.24 9.31 2004a RM6832 RM3513 292 -0.90 3.84
qCTB2.2 2 2004a RMS5427 RM6379 343 221 5.64 2004b RM6832 RM3513 416  -3.75 54.15
2004b RM5427 RM6379 331 330 8.15 2006 RM3297 RM3513 3.78  -1.51 3337
2005 RMS5427 RM6379 2.89 297 10.99 2008 RM6832 RM3513 4.48  -4.05 95.81
2008  RM5427 RM6379 537 3.66 8.78 qHTI1 11 2005 RM7283 RM21 3.10  1.13 15.57
qCTB3.1 3 2006 RMS69 RM3467 3.00 -1.02 0.41 2006 RM7283 RM21 2.70 0.83 14.08
2008  RMS569 RM3467 3.06 -1.37 1.18 2008  RM6091 RMS5857 2.70 0.84 7.45
qCTB3.2 3 2004a RM3297 RM6832 3.70  -1.10 1.29 HTN ¢HT2 2 2004a RM475  RM6379 3.80 1.12 15.68
2004b RM3297 RM6832 2,51 -0.15 0.01 2007 RM475 RM5427 2.80 0.94 10.41
2004b RM3297 RM6832 345 -1.30 1.17 2008  RM475  RM5427 270 072 8.05
2006 RM3297 RM6832 2.85 -0.34 0.04 qHT3.2 3 2004a RM3297 RM3513 430  -1.69 27.28
2006 RM3297 RM6832 3.19 -3.56 5.08 2004b RM3297 RM3513 410 -1.43 19.97
2008  RM3297 RM6832 352 -1.84 2.06 2007 RM3297 RM3513 530 -2.52 55.10
qCTB3.3 3 2004a RM6832 RM3513 378 -1.50 2.37 2008 RM3297 RM3513 450  -2.18 53.75
2004b RM6832 RM3513 339 -1.84 233 qHTS 8 2004a RM6356 RM5647 3.40 1.15 17.25
2006 RM6832 RM3513 294  -7.18 19.00 2004b RM6356 PLAS3 3.10 1.08 15.31
2008 RM6832 RM3513 334 -2.03 2.54 2007 RM6356 PLAS3 2.70 1.06 13.75
2008 RM6832 RM3513 296 -3.22 6.57 2007 PLA41 PLA46 2.60 1.02 12.46
qCTB4 4 2004b RM470  RM3916 294 219 3.93 2008  RMS5911  RM5428 420 113 20.69
2007  RM470 RM3916 3.09 2.73 5.84 qHTI11 11 2004b RM7283 RM6091 2.96 0.93 11.64
qCTB7 7 2004b RMI182  RMS5322 2.89 031 0.07 2007 RM7283 RM6091 2.60  1.07 14.12
2006 RMI182  RMS5322 292 0.19 0.02 CLC ¢CLI 1 2004b RM306  RMI1180 298 038 0.50
2008 RMI182 RMS5322 3.07 0.29 0.05 2006  RM306 RM1180 2.68 0.89 4.85
qCTBS8 8 2004a RM5911 PLAI9 417 330 14.08 qCL2 2 2005 RMI154  RM5654 3.78  -1.03 5.15
2004b RM5911  RM6356 262 3.69 10.85 2007 RMI154  RMS5654 328  -1.22 4.91
2004b RM38-2 PLA46 3.27 3.56 10.68 qCL9 9 2004a RMS5899 RM285 2.50 1.39 8.95
2004b PLA46  PLAI19 5.08 470 20.36 2005 RM5899 RM285 2.60 092 4.03
2005 PLAA4I PLA46 2.58 270 9.35 2007 RM5899 RM285 3.60 1.41 6.53
2005 RMS5647 PLA19 4.13 3.69 18.24 CLN ¢CL3 3 2007 RM3297 RM3513 3.85 -341 29.35
2006 RM5911 PLA41 413 559 14.85 2008  RM6832  RM3513 3.02 255 22.23
2006 PLA41 PLA46 2.70 4.84 11.77
2006 PLA46 PLA19 3.68 5.76 18.23
2008  RM5911 RM6356 4.41 4.44 13.16

2008  RM5647 RM5428 3.01 4.22 14.36

qCTB10 10 2004a RMI1125 RM2371 2,66  3.28 12.46

2004b RMI125 RM2371 2.63 327 7.82
2005 RMI1125 RM2371 313 280 9.32
2008  RMI125 RM2371 494 347 7.68
qCTBI11.1 11 2004a RMS552  RM202 3.89 298 7.91
2004b RMS552  RM202 354 453 11.93
2006 RMS52  RMS5834 583 652 15.04
2008  RMS552  RM202 352 447 9.98
qCTBI1.2 11 2004a RM21 RM206 395 092 0.90
2006  RM21 RM206 279 3.20 4.35
2008  RM21 RM206 3.54  0.06 0.00

1) Markers flanking intervals in which LOD values are above 2.5.
2) Additive effect of the Hokkai-PL9 allele.
3) Percentage of total phenotypic variance explained by the QTL.
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Table 6 Mean seed fertility of the genetic classes of RILs between Hokkai-PL9 and Hokkai287.

y  4CTBS Hokkai-PL9 Hokkai-PL9 Hokkai287 Hokkai287
Genotype™™ 1 interpart QTL Hokkai-PL9 Hokkai287 Hokkai-PL9 Hokkai287
Counterpart QTL Year n? Mean + SD? n? Mean + SD” n? Mean + SD” n? Mean + SD
4CTBI 2004a 12 796 + 61a 13 721 + 109 ab 8 704 + 149 ab 10 616 + 104 b
2004b 785 + 58 a 704 + 151 ab 642 + 223 ab 595 + 109 b
2005 791 £ 55a 726 + 108 ab 717 + 157 ab 642 + 101 b
2006 767 + 106 a 648 + 221 ab 583 + 278 ab 507 + 191 b
2007 725 + 84 a 556 = 167 b 581 + 172 ab 499 + 146 b
2008 794 + 54 a 69.1 + 163 ab 682 + 202 ab 582 + 15.1 b
4CTB2.2 2004a 16 770 + 91 8§ 729 + 104 16 674 + 156 6 608 + 130
2004b 756 + 115 709 + 116 648 + 17.8 606 + 204
2005 777+ 717 703 + 115 696 + 14.6 653 + 12.5
2006 728 + 157 721 + 125 579 + 240 519 + 230
2007 647 = 17.1 645 = 110 557 + 187 493 + 158
2008 782 + 98 a 722 + 106 ab 627 + 184 b 60.5 + 21.1 ab
4CTBI0 2004a 2 771 + 91a 4 719 + 60ab 9 678 + I16ab 10 599 + 160 b
2004b 770 + 99 a 736 + 150 ab 63.6 + 19.5 ab 602 = 168 b
2005 774 + 91 711 + 83 690 + 137 644 + 139
2006 731 + 148 a 758 + 127 ab 622 + 246 ab 478 + 214 b
2007 658 + 146 692 + 149 544 + 184 507 + 209
2008 766 + 113 a 755 + 104 ab 655 + 181 ab 582 + 179 b
GCTBIL1 2004a 11 768 + 75a 10 737 = 103 a 5 729 + 145ab 12 594 + 109 b
2004b 771 + 80 a 715 + 143 ab 739 + 135 ab 551 = 156 b
2005 766 + 117 754 + 80 770 + 103 621 + 113
2006 767 + 112 a 660 + 219 ab 713 + 114 ab 420 + 1970
2007 633 + 157 653 + 160 603 + 5.1 508 + 164
2008 746 + 130 a 730 + 152 a 738 £ 78 ab 544 £ 192 b

1) RILs are grouped into the four classes by genotypes of gCTB8 and counterpart QTLs.
Following markers are used for genotyping at gCTB8 and counterpart QTLs: gCTB8 , RMS5911 and PLA19; ¢gCTBI , RM486 and RM3482; ¢CTB2.2 , RM5427 and
RM6379; ¢gCTB10, RM1125 and RM2371; ¢gCTBI1.1 , RM552 and RM5524.

2) The number of lines.
3) Mean and standard deviation of seed fertility. Values followed by different letters in the same row are significantly different at P = 0.05 level by the STEEL-Dwass test.
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HOWERZIT), WbWwb<y 7R=A70—=V
TEPHCONEII L7z L2 LGS, s tss
LD X ) L ERPORD Vo TnDE I &%
ZET 5 &, e QTL 285 o K INE s T T
EEh, EOOEOPKRITTHMEEIEE SN
W2 EBBEINL, TENLEATIT ) L ETHEE
NTHELTWAEEAICIE, vy T R—A70—=
Y 7ETRERBEFORMSHNEIC 22 L 0T
HEhs, bHAHA, FHKNEET OHEIREED
VERBEDH O A2 7% 553, HERH & OEG DO
HO/DIZHEETH D, BHEPOBREIERD KX
WIS TED &) BRI E 200 a1k, JEREE T
PH—JEIZWEEDHD ) 5 EWIHHIRT, #HIz
THEEOTFHEIIOVWTERT 2LEBDH L, 7/ 4
R ORI L - T, 7/ aafRic—ii3L
(single nucleotide polymorphism; SNP) % & DNA
== MICET A LD HEICR D DODOH
5o ZBOMETHM G~ — 7 —1EMElRs 2 &
TEMX, EEHE & HER T A AR A AL NV
THEL, QTL EKERTOLEREMWHENIZL S
Z AT ENUREICHR S0 L7 v (ARANZANA et
al. 2005)

2. RIS &84S QTL OFEFAICHTT
iR o X 5 CHE S AT 6 1 o AR R 23
A, TV 20 B QTL R BB TS & 2027 -
T&720 INH O QTL - MBI F I B 2
DNA FHZ HEI (v =% —) & LTHWS &, il
P A A 2SH B E R LISEKTRETH 5o
DNA ¥~ — 7 —#EORFE L LTiE, WoEBTH
PRI REZ & & DA, fEROFME TN
WTHorz, HO QTL Efs I CHET LA
BIEEOBREN R TH D ENFTONE, Bl
E, BERRICHR T v b BRI 5T pi2]
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DFBFINZERE AN RIS 2 B8 T- 2V G L
TBY, EROBHTIIZOMBZFHET S Z &8
AUFETH 57275, Wb HIREGIRPE S AT O
BE2FEICIRET A I EICX o THEKEARIZT S
BAR T DI ER O BIK ST RIS 2 ), RAERD
DWW BIRHEGRPEIC EN - REE KT A S
EIZHE L7z (FUKUOKA et al. 2009) o [HEEE 8 5]
DEHHEHT 5 2 DO G EEIET Cbl - Ctb2 |2
FE NAAE I ITRA B R T OFEAITRIE S LT W
%o BIETH L 72 ERG R O % QTL #1s
Fi&, REGERANPHERIN LGB DARIHE L
DD D 5 72 DI FEH SO F BRI (2 FH
ENTEREIEFEVEEWY, LA2L, DNA~Y—%—
BREZAHT 5 2 12X o TARRIBE 2 b3 1200
GYERIZT2EAT LI EDWREC AR, AHERTH
KD PEEIE T 2 8 RO BENERISEAL
72 PR SR S AR DB AR T & %,

F7:, DNA~X—7—%FfIH L THED QTL i
ETFOEREHLIILEZET IFT V7 EIFATY
B, WEMBETF2ESITFTL 0752812
XoT, WML NVEBZ DG EE ER L 2mE
THEEA A OBRSE D MfFT& %, [HP1975 ] ol
WY QTL(gCTB-4) 5 [ave AV ] HED
gCT-7 % [F 3R F I JNITHMTEA L7/, [F
x5 3] XpdbENRENNIL, 19KS ¥ b
R 2O bNT-DIZR LT, gCTB-4 & ¢qCT-7
ZPET [F35F 3 IEAT S EERERIZND
KA VM ELZ(FHES2007)e SO END, 2
OO QTL IZITERMA RV H 5 Z AR EN
7zo F72, WEAKRS(2002)1F [HHEEES ] & [HiEE
21175 | OSBRI B O vV 2 89 2 i
xR0, THRHEFEROMEG I ERTRETH L L L
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i 45 1V 0 & AZTEHT 72 & N2 DNA = — 7 — DB
X F AR TH D DT, DNA Y —H — &% %
BACHIH L2zt o R IHE ShTng
Vi, 20054EBEA S, AGiEE RETEE v ¥ — & RE
EWEIEEZERT, HARERMEEIIE L v & — K
RRVERTZEER, Uty I B S SR,  FEARK B S v
Hoti o SEIR B 2 > & — BEARAKRE S v B AT E FE T 1,
BMKELARLETO Y 227 hOHTDNA v — 7 —
BN X B A4 A ORI S A V& 5 T 4R
DOFEBICY HATVS, ZORETIE, [Silewah |
3 Ctbl - Cth2, [Pakhe Dhan| HI3E® ¢FLT-6,

[Padi Labou Alumbis| & L <1Z [1ZRw & | HK
® gqCTBS itk O#EIZFIHE LTHHT S, Z
NoolEYE QTL-#EZ 2, [0 oiTh] ® [
LOWD | BREICHMTEAD LLIHEHE T 3
TA v 7 LRV EAR R & R LSS & DNA
Y= =R L o THRT 55 TH S, FHS
N7 R AR OB BV %2 R D OO/ E R E%
FERU-FEHWHEEGE L CifFc& 2137, BB
S DRI B ZF WM T Ctbl - Cth2, gFLT-6 B X
W qCTBS % B THEAD LRI ITH v 7L
TSRO E G52 2 Xy, mEtn k
BRIZOWTHHSL NI TE L WS D (BA,
2006 ; A - 7THE, 2007),

200345 D 5y ERE LA 5 A 58 i A C b K & Ze bk
EHAL, MR % 2 5 T E R il O LB
MR SN TS OkEF-T%, 2003), €D—7T,
[HRERE 8 5| & N ah A I IR 9 & i PR 4R A8 R
i [ BE3S ] oM A2 SEH Sz THREB9] 1,
TESARVERF 7250 CH B S N7 RO H CTRehii L X)L
DI EPEZ R LTS (HES, 1998, Wik b5,
2003) 2 L5, [RS8 S JZFIHTAZ LICL -
THENMSEOEG R EARETH 0, FbiigT
LZOMENEDOLNDL Z EARBEND, BIES
(2007) 1% [HHEE8 5] 5N [HEHEILS ] 2
SAkiEE Ot RS [1ZLow ] I
o (Cibl - Ctb2) B X Uit P QTL (¢CTBS) % R
LR & > TENZTIEA L7z, TORER, Cibl -
Cth2, qCTBS & HIZHMT oM PEN LXhFR % 780
72H3, Ctbl - Cth2 (23 M, qCTBS IZIZER & D
HHABIR SNz, 512, KEES (2008) 1 Fik
[Pakhe Dhan] (ZHI2KT % Getafk 6 oFEIE & AW
% QTL(gFLT-6) I22oW T, [5R175%5 ] % iHE
BELTHESNABC D [04PM254] 7% 5 Y
W2 [5aR202%5 ) # M58 E LTHW, TIELOWD |
AR L7 EOB/BETHONLF,, BC,F,
B LU BC,L,F L EF/ICO W TGO ME % 17\,
gFLT-6 O 5 Pk 18] LR 3 % MGk U 72 gFLT-6 3%
? SSR ¥ — 71 — FPO6120D (5T RIC X - THEHW
k%2 7 V—753F L, ZVv—T oG Eo%E%
L7z TofEHE, BC\Fo% b WIZBCF 4
HlD—#RT L A sfs 8 27 v — F R o a A 5
ZiIME E N, &KL LT [Pakhe Dhan] #®
B L 5 P QTL (gFLT-6) & AR1 OF A X Bt
GO LA RITAMICIERO SNk olz, ik
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TV b, ZOMEIZOWT, [04PM254] 7%
5T [5R212% ] OEHEIEIEEICB VT
RAEB [ 5R1755] L) dEhTw/Z enb,
qFLT-6 25153 i 6V 2 5648 9 5 134 2 o i Ax
MEREETZUEELIEHRL TS, Dlbhrs,
BIETICE - TE, BHEORERSHEEWEETLY
SR EZ RS R VITEBENRE SN S,
Cthl - Cth2, qFLT-6 B X UF qCTBS8 Diiif % k1) E %)
RICOVTIE EBRDOEB) F—PBHLNIILDHT
ETBY, METEHGA mim" 282559 %
FEMPE P2 Ff o 72 E MO F R D EBLTHETH %
LR bhb,

M TED & 9 2 B RN I O #E = T3 5
THEEZON, BRICLIZ2EHLZIIRLT VI L
Po, PN EETH -7z L2L, EEDOL T
) M ROBBIZE 5T, x—H—DWFRLE, &
TRFFAT VR T B 2o PEHUIAE B2 I A9 L, [ Silewah |
DML T Ctbl TI1X56kb F TR 5 7= il
IR OTRFRE O R 225, Fbox ¥ ¥ N7 B %
I— F 5 28R TG EOREKNEETTHE I L
BHOLMZENGIHES, 2009) . MHGHEEIETH
HEtsha e, BETHEKEZY——L L THWE
EHE 2 BRI DX B HEAATH AN, H
HE S N7 BIR T OB Z T3 5 2 &2 X D itk
DFBUERESH S22 D, IO 4 B fFT
DIEBIZLFLGTEDLEEZONDL, #2113,
Ctbl - Ctb2 FIFIZIEH R & OBHEIED 5T
5 (SATTO et al. 2001) 25, Cthl 1Z# %2 EL T 5505
R BEENICFHOBET 2O, TNE ARG
PRI R B D 2 B OB RE & RO B AT T, BIKIWIC
VPR B TWDLRETHON, L) Bl b ER
T OHBEE L BREERATIC L > T TEX 21T TH
Bo T, WES v YV ZAHETHOmMGYE QTL
WKBLTYH, ZoBBRTHE B~ — 7 —2EH
ENp LI, HRMITEETOHE T Tfrb
NHZEPIFEEINL, 61T, FEEHIT I T
e WIS PR ZE IO WT, RS2
T52Eb¥IND, D ERICmMZT, BT ~%GHE
DBIEF OHFH S E IR IZFIL L NV O F il
B 2T EICES T2 8EF2FEL £ 9
ETH3A4 707 LA ORA LR, 2003) 125
LN5 LI, FrLFEL ML mtEsr
D ERCHEIERT OB REEZRET LI LITL- T,
ZROMETERIZ T OEEFFHTELTH A9,

EHEDED LI B LFIH I N T 200, F
7z, S HEEE T E OGRS 222 g, it
HHE VI TREOERRITHED 2 LA REIC R 5o
TS O ERFIC T 2R E L LI -
T, R RZZT TR L, wERBA ORI
bOLNLIoLMEEN S,
ARWFZETIERNIE S A SR LT & 7225
BEMGEEO D ) —o DR E RERIE, BAEMIC
BUOAMGHETH L, Lo L, BSOS
EAT R SARE L, R S AW IC AR TER
TWAONHIRTH S, ZO—HWE LT, BITSA
WSO W T KRB ORI DS E RS THE T &
% [MEREARDS] PSS Tn S (4 K - FRK,
1983) D ixt LT, BASEMI PR BI L Tid AL
LEXFHL7/MIBEBEICRONTWS Z &2
FoNhb, BB GYEIC DWW T SRR
552X, HIES AWM G L OMBIZLI L
BELK BV EDPHLNRII > TWDE TS,
2000a ; H2HES, 2008). F 7z, FHIES AMOALERIE
TR I LI IR0 LT, BN
D JFERNIAEM I A RRLRAEARIZH 5 2 & 2%
LBNTWA, L7zd> T, BEMImwIEICEES3 4%
AR TIIEIE S A L1382 2 W REVEATE V. BT
ARG EL2E LTh, BT
FIVOTIE, WEENEE LTRA TS TH S, B
AL G- 2 @ a T2 FET 5 2 & Iidfig
5 AWM ELL EICHEECTH 5 & FHREN L5, T
¥ & (2000b) 12 & > T BT 5 14 o fifi By e i 7%
REIN, 1 271 h OB SRR L S
N5 (BES, 2008) 7% &, EARGHT AN 72 BRI AH
Bnoodh b, BB ED DNA ~— % —#ik
AU RBIC AT, W2 RBUBM E 00 & LT
DNA ¥~ —h —BIKDO G NERICHR DL L D)4
LTHH) o TOEMTIX, KBBHE B L
TV HIE S AL 1, BB o
DNA ~— 7 — B FM O TR O LI IT RV Bl
5 A E &S ICBAEI S D HbeTY
FIFT4 Y TTHIET, WEEIRERICEL
7o RS E I T E B LIRS D,

V. i R
A FFHBH IR 5 Wi EZ O T H
Do FITHUE S A B BAGRIC X o TA AR
fezA L, PWEAHL DT 20 BIE S A6
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P (DU L §2) 3O BETHEFES-T 5
BMIZETH Y, BEEHIREWI DD, 20
AR B O 7201213 B G- B AR T HE O [ 58 254N 1] K
Thbo KT, 1AL S AW HEO®E
W RIZET 5720, WHEMEmRA ARk [ i
PLYJ 7 & NICIH S AR [#)R ] ofE & AWk
BT 2 B o BN E Es 7 (QTL) O T %
11070 BT S A M2 K HERE R 12 3B\ T
TEIRIE KB & B @ RLBR S ORI & o T
L7zo MBS, BEIE S A YOI EE S 5
RSB X OBRRICE L TD QTL T & 17 - 720
(e PLO) o & AWM QTL % T L 72,
) B AR 48T B U AE LG (SSR) < —
71— % e ClAGHE PLOJ (B © A Wi v v “siod”)
& [Aeig2875 ) (I “RRi") O TEH A 2R L
7ol A, 54A%—H —TEHRIDMI T & 72, single
marker analysis (2 X 0, Fefafk 8 IZJEFET 5~ —
71— DT 2 2 E DB Sk o7zl
#EPLY| 7 [Aei#E2875 ] @ F 40 % v TR
5AMIHGEEOXE~ v ¥ v 7 &1, Gefk 8 4
Jbii V2 i 455 1 QTL (gCTBS) % it L 72, Mt &7z
QTL (X% 5-5826.6%, FHMAIHRI14% TH -7z, &
ey ¥y 7ORERED2S, QTLIZSSR v — 7 —
RM5647 & PLA61D [ D 193kb X A7 ER 1T 5
725

[& 5 5397) (BUX S AMEYE ") & [4)
Fl (F W5R") ORISR S 7z114051H 2 A
JAEBERILS) I2BWT, HAKLHBOBRERE B
& AR AL © A P A BEAR L oo Tk
QTL ZMET A 7-0ICHAKM Yy ¥y 7 &7 5
7oo BefufR 1 ICIE 3AERM L HICHBL X ek
QTL Mt S M7z €D 5-31316.27%° 547.3% T
HY, [WF] B LEE TR LS5
R L7 Getafk LI E X O/RED
QTL IZMH XN h o 7248, BmAKI0D BT %
BT 3EL B ICMBE O QTL »3#eih & 7z,
INLOMENS, Pk 1 ICHERET S QTL I,
MR B L OB RIS, [E55397] &
(¥ ] OB OGO ERICEHEZFHFD QTL
ThbHI EIREINT,

[k PL) 7 [Akig2875 1 o> FAl R ARARE (84
Sft) & T, BE S A s QTL oMt %
A7z BIE S ARG EIC OV TIdgefafhk 1, 2
(2QTL), 3(3QTL), 4, 7, 8, 10BX V11 (2

QTL)IZEH2QTL 2 sz, 2hHoH b, Y
Ak 8 D 4P QTL(gCTBS) 13 d - & b #EL T
KERFEEZRL, 65 HORECTHRE SN,
W 5-31314.08 ~ 2036% TH > 720 [#F] LF L
XN B S 7z getafk 1 @ qCTBI 72 & ONZ Gl
R10IZHRI & 72 gCTBI0 B X OV gt fR1 LI &
N7z qCTBIL1 IZBWTH I K & A5 EDMHR
WEh, s 42000 QTL Tl [t
PLOJ Bt i An F- 2SS E O ) FICF G- LTz,
gCTBS8 7% & N2 qCTBI, ¢CTBIO ¥ % UF qCTBII.1
D) BLAEEOmWGYE QTL 5% 12 [dbi PLY #
LR T T RO R O IR IEADS, [LiE287 7 |
R B T 2 FEORMICHRTWI NS HEICH
Poll s, IhSOIHYE QTL M IZEM
RN B EEZ BN, qCTBI T [#5F ]
OA L FABRICHBEE B X OB EICE ST 5 QTL
PREENh o722 25, [HLiEPLY @
qCTBI b HICH L CERREEZ I DL EZ O
720 F72 B K3 BB QTL B LT, [dtifE
PLOJ RIS LR o5k, AR, T PEEs B
L2 ehs, WD LR EICEDS QTL
M E OB 2 LT T REOH L 2 L %
RAL72

DRz Xy, mmtEmos A R (e PL9) B
LK O MG [#)5F] 252 e g o AT
M55 5 E@EETOIED», EONSIWQTL %
BERAET 2L, 2o —Hoiwt QTL M
SRR RAH 5 2 & h 5, [de#E PLO) B XU [4)
F] X HGEHOBENGHEIFTRITETH L S
EAIRENT AFZRICB W TG T QTL Z47iE
fH1F 72 DNA ~— 7 — it o B Lo 72
DODNAY—HI— L LTHEHICHHATETDH 5.
AR R & BT S A& P QTL 1,
DNA ¥ — % —®EKIZ L it MEEOMFLS X
OREREALZ @ T, etk Ao F U7k
T5IEDVHFTE 5,

E
R LOWY FLDBIZH72-T, HEKFEKFE
Befonff e Rt o (B - 28 80%) il tkditic 2
R85 N TKRB & 2727z, MOTATERE N
5 - R ESERAN AR O I ZERR A AL i B SRR 7 R v
& — W7 B (Bl - R RSEfRaiisEt > & —dt
P RSEMT TR D) LRI L, [t v — ik
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Whge T — 2 5K (Bl - SE A E T ZE 30080 e e 1112
W TIRE, iR WP wie, 2R L TR
LLEF%,

AR 2132004 ~ 20094F 12 b i 38 2 SEF 9 X v
7 —ZBWTAT - 72o IRAYERFZEF— 2 (3 - 58
VR e SR80 AT i 2, AR oK
DO ERMICES F TRYNC TIREW- 72wz, H
VEW BASS SRR B T e R (Bl - BAMOKES Ak
KESM XHERE IR TRCIREIE) ZAARY K
AIARBEFEC I ) ML S 2 fEo Tz id e e b
CEBME R L Th v, T2, IHHEIE
MWF7E B T ge = 5 (B - SEHE F 72 Sk
F) ARHEER L, K X MEERErgedt s 7
F— 2K G - EHAEYIFFER0E) R B2 IR
Wioe % BT A BB A B2 Tz 2nw/z RICTHRE
bWo7ze X512, a2 MEEMAFZEILiEE Y 7
F— 2 (B - SEHE T FEREIE) A ERSARIR, Ko
WigeF— 2 (B - SEMVEIF 78 080 AR ZE 5 — IRIT I
FEERA R OB R TS PERR N S 7272wz,
BRI QR %0

AIFFRDOFTIZH-Y, R R OB ERIZIX
JeiigE EEN e v & — 3 2 Fto/NHERIK, Al
=G, HHFIK, BERKK, FI@EIRIC,
BEEAM B O iz T RUFAT 72 & NI PERE I B 1
5 R F AN O W TR T IC & VRS T-
Kz, F7-, deilwBEmstt vy & —MmEfs v —
TORBEETIR, MATR, ANBRFRIZLEZK
% TR vizii v, SR L TE#oEY
KT 5o
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Genetic Aanalyses of Quantitative Trait Loci for Cold Tolerance at the Booting

Stage in Rice (Oryza sativa 1.)

Makoto KUROKI !’

Summary

Rice has its origin in tropical or sub-tropical
areas, and it is cold-sensitive. Particularly at the
booting stage, low temperature causes spikelet
sterility in rice plants and severe yield reduction.
Genetic analysis has shown that cold tolerance is a
complex trait and that many genes are involved in
this trait. Therefore, identification of loci involving
cold tolerance is essential for genetic improvement
of cold tolerance. In the present study, Novel
quantitative trait loci(QTLs)associated with cold
tolerance at the booting stage (CT)in rice were
analyzed using a cold-tolerant breeding line,
Hokkai-PL9 and a cold-tolerant cultivar, Hatsu-
shizuku. CT was evaluated on the basis of seed
fertility after cold water treatment. QTLs for
heading time (HT)and culm length (CL) were also
analyzed.

1) A QTL for cold tolerance at the booting
stage of a cold-tolerant rice breeding line, Hokkai-
PL9, was analyzed. A total of 487 simple sequence
repeat (SSR) markers distributed throughout the
genome were used to survey for polymorphism
between Hokkai-PL9 and a cold-sensitive breeding
line, Hokkai287, and 54 markers were polymorphic.
Single marker analysis revealed that markers on
chromosome 8 are associated with cold tolerance.
By interval mapping using an F2 population
between Hokkai-PL9 and Hokkai287, a QTL for
cold tolerance was detected on the short arm of
chromosome 8. The QTL explains 26.6% of the

1) NARO Hokkaido Agricultural Research Center

phenotypic variance, and its additive effect is
11.4%. Substitution mapping suggested that the
QTL is located in a 193-kb interval between SSR
markers RM5647 and PLAG61.

2) CT was evaluated on the basis of seed
fertility after cool-water treatment for three years
(2005-2007)in 114 recombinant inbred lines (RILs)
between temperate japonicas, Kirara397 (cold-
sensitive) and Hatsushizuku (cold-tolerant).
Composite interval mapping was performed to
identify a quantitative trait locus for cold
tolerance. A QTL for CT was reproducibly
detected in three trials on chromosome 1.
Contribution of the QTL to the phenotypic
variation ranged from 16.2 to 47.3%, and their
additive effects were all towards Hatsushizuku.
A QTL for HT and that for CL were detected
every three years on the neighboring regions of
chromosome 10, while no QTL for the two traits
was detected on chromosome 1. These results
suggest that the QTL on chromosome 1 has a
major effect on the variation of CT between
Kirara397 and Hatsushizuku without affecting HT
and CL.

3) QTL analysis for CT was performed using 84
RILs derived from a cross combination between
Hokkai-PL9 and Hokkai287. Twelve QTLs for CT
were detected on chromosomes 1, 2 (two QTLs),
3 (three QTLs), 4, 7, 8, 10 and 11 (two QTLs)by
interval mapping. ¢gCTB8 on the short arm of
chromosome 8 was detected in five out of six
trials, and its phenotypic variance explained (PVE)
ranged from 14.08 to 20.36% . Comparatively large
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PVE values (7.68-15.04%) were obtained for ¢CTBI
that was detected on the same region of
chromosome 1 as Hatsushizuku, ¢gCTB10 and
qCTBI11.1. The Hokkai-PL9 alleles on the four
QTLs increased CT. The effect of Hokkai-PL9
alleles of ¢CTBS8 and each of ¢qCTBI, gCTBI0 and
qCTBI11.1 were additive to increase CT, suggesting
that the QTL combination is effective for CT
improvement. gCTBI was not affected by HT and
CL, because no QTL for HT and CL was detected
on the neighbouring region of ¢gCTBI. The Hokkai-
PL9 alleles of ¢CTB3.3, gHT3.2 and ¢CL3 on the

same region of chromosome 3 decreased

phenotypic values. This result suggests that CT
evaluation might be affected by the QTL for HT
or CL.

The results of the present study showed that
Hokkai-PL9 and Hatsushizuku harbor major and
multiple minor QTLs for CT and that the effect of
some QTLs for CT is additive. DNA markers
flanking QTLs for CT identified here are
applicable for marker-assisted selection with
higher efficiency and precision than the
conventional CT selection and will be useful for
breeding of cultivars with improved cold tolerance.



